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PREFACE

The Clean Water Act— formally the Federal Water Pollution Control Act Amendments of
1972 (Public Law 92-50), and subsequent amendments in 1977, 1979, 1980, 1981, 1983, and 1987—
calls for the identification, control, and prevention of pollution of the nation's waters. In the
National Water Quality Inventory: 1996 Report to Congress, 36 percent of assessed river lengths
and 39 percent of assessed lake areas were impaired for one or more of their designated uses (US
EPA 1998). The most commonly reported causes of impairment in rivers and streams were siltation,
nutrients, bacteria, oxygen-depleting substances, and pesticides; in lakes and reservoirs the causes
also included metals and noxious aquatic plants. The most commonly reported sources of
impairment were agriculture, nonpoint sources, municipal point sources, atmospheric deposition,
hydrologic modification, habitat alteration and resource extraction. There were 2196 fish
consumption advisories, which may include outright bans, in 47 States, the District of Columbia and
American Samoa. Seventy-six percent of the advisories were due to mercury, with the rest due to
PCBs, chlordane, dioxin, and DDT (US EPA 1998). States are not required to report fish kills for
the National Inventory; however, available information for 1992 indicated 1620 incidents in 43
States, of which 930 were attributed to pollution, particularly oxygen-depleting substances,
pesticides, manure, oil and gas, chlorine, and ammonia.

New approaches and tools, including appropriate technical guidance documents, are needed
to facilitate ecosystem analyses of watersheds as required by the Clean Water Act. In particular,
there is a pressing need for refinement and release of an ecological risk methodology that addresses
the direct, indirect, and synergistic effects of nutrients, metals, toxic organic chemicals, and non-
chemical stressors on aquatic ecosystems, including streams, rivers, lakes, and estuaries.

The ecosystem model AQUATOX is one of the few general ecological risk models that
represents the combined environmental fate and effects of toxic chemicals. The model also
represents conventional pollutants, such as nutrients and sediments, and considers several trophic
levels, including attached and planktonic algae, submerged aquatic vegetation, several types of
invertebrates, and several types of fish. It has been implemented for streams, small rivers, ponds,
lakes, and reservoirs.

The AQUATOX model is described in these documents. Volume 1: User’s Manual
describes the usage of the model. Because the model is menu-driven and runs under Microsoft
Windows on microcomputers, it is user-friendly and little guidance is required. = Volume 2:
Technical Documentation provides detailed documentation of the concepts and constructs of the
model so that its suitability for given applications can be determined. Volume 3: Model Validation
Reports presents three model validation studies performed for different environmental stressors and
in different waterbody types.
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1. QUICK START
1.1 System Requirements

Minimum Requirements

. PC Compatible, Intel 486DX 66 MHz
. Microsoft Windows 95, 98, or NT

J 16 MB RAM

. 30 MB free disk space

Recommended

. Pentium PC, 300 MHz or higher
. 64 MB RAM

. 75 MB free disk space

1.2 Installation

To install AQUATOX, run AQTXSetup.exe, the files will unzip, and InstallShield will lead
you through the straightforward installation.

Winfip Self-Extractor [AQTXS5 etup.exe]

Thiz prograrm will inztall AQUAT D %1 .63,

About
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1.3 Starting

Double-click on the AQUATOX icon in Windows to open the program.

Then a “splash” window will open briefly, indicating that the model is still subject to modification
and that, while the model is in the public domain, there are parts of the model interface that are

proprietary.

AQUATOX

EPA RELEASE 1

file version 1.69

Richard A. Park and Jonathan 5. Clough
Eco Modeling 2000

Dewveloped with EPA funding under contracts

68-C4-0051, 68-C-98-010, W-4330-NALX

RESTRICTED RIGHTS MOTICE: Use, duplication, or dizclosure is

subject ta restrictions as zet farth in subdivision (93017 of the

Right=z in Data--General, Atternate l Clause at 53222714 of the
Federal &Acouistion Regulation

This =oftware and associated files are distributed "as is™
without any warranties of performance or fitness for any
particular purpose. Ho warranties are expressed or implied.

1.4 Loading a Study

The study is the basic unit in AQUATOX; it contains site data, loadings, and parameter
values used in a simulation; and it may contain results from a prior simulation. Usually we model
one study at a time; however, there is a batch mode that is described later. Click on File in the menu
bar to get the pull-down file menu, and click on Open. You will then be given a choice of
AQUATOX study files to load. For this example we will choose Esfenpond.aps.
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- AQUATOX ¥1.69 _1&] x|

File Library Study Mercury  Help

File Name: Directories:

N [ESFenPond.aps CA.. JAQUATOX\Studies

[ AgricRes.aps = Cy

[ ChlorLow.aps [= Program Files
[ ChlorMed.aps [ AQUATOX

[ Coralville.aps

[ DorParathion.aps

[ Onondaga.aps

List Files of Type: Drives:
|sQUATOX Studies [~aPS) =] [Ee =l

X Cancel | s Delelel

The main window will appear with the name of the study, the list of state variables used, and
buttons from which to choose various operations. The Study Name can be edited; it is separate from
the name of the file, which you loaded and which is displayed at the top of the screen. The study
name is used as a title in graphical output, so is best capitalized. The Status window tells when the
perturbed and control runs were made, and warns if they are incomplete or outdated. The Initial
Conditions button brings up a screen with all the state variable values at the beginning of a
simulation. The Chemical button brings up the parameter screen for the organic toxicant, if
modeled. Double clicking on Dissolved org. toxicant at the top of the list of state variables and
driving variables has the same effect. The Site button loads the site characteristic screen. Setup
allows the user to set the dates of the simulation, and to specify various options such as the control
setup, uncertainty analysis, and saving biologic rates. Notes provides a window for writing
comments on the study. Perturbed starts the simulation with changed conditions, such as with a
toxicant. Control starts a simulation without the stressor; the user can use Control Setup as
mentioned above to specify what is changed and what is held constant. Qutput presents the results
as a series of charts and graphs. The output can be exported as database files by clicking on Export
Results or Export Control. Help is not yet implemented, except the About window, which brings
up the splash window.
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QUATO0X-- For Windows: “ESFenPond.aps™
File  Library Studp  kercury Help

AQUATOX: Study Information

Study Name:  [ESFENVALERATE, POND State and Driving Variables In Study
Model Run Status: Dissolved ory. toxicant: [Esf lerate]
Perturbed Run: No Run Recorded Ammonia
Control Run: Mo Ctrl. Run Recorded |N::tratel
Data Operations: Program Operations: %g[_lg_q_n___d__loxlde
Xygen
L Lahile sed. detritus
m Initial Conds. [[&" Perturhed Refrac. sed. detritus
Susp. and dissolved detritus
<> Chemical Control Buried lahile detritus
Buried refrac. detritus

Diatoms: [Diatoms]

Blue-greens: [Blue-greens]

Greens: [Periphyton, Greens]
Macrophytes: [Myriophyllum]
Detritivorous invertebrate: [Chironomid]
Herhivorous invertebrate: [Daphnia]
Predatory invertebrate: [Predatory Zooplank.]
Bottom fish: [Catfish]

Forage fish: [Bluegill]

Small game fish: [Largemouth Bass, YOY]
Large game fish: [Largemouth Bass, Lg]
Water Yolume

pH

Light

Temperature

Wind Loading

By Export Results

Output |

n | [
i@ ;

e

=

-

Export Control

Add | Qeletel Edit |

To save a file, click on File then Save or Save As on the menu bar; you will also be given
an opportunity to save an altered file before exiting or loading another file. Study files range in size
from 25 KB to over 2 MB. If you wish to minimize the size of a study—for example, to transmit
to someone else—you can strip out the results by clicking on Study and choosing Clear Results
from the menu bar. The study files distributed with AQUATOX have been minimized in this way.

e ADUATDN - For Windows: “ESfenPOND. aps™

B Ly | Shadp ]
Jratiad Corabdasi i
Chemical DX
Sim Beta 1
Sehup
Study N Haies . PO
Model B
] == ket
C Dutpur LT
Dbt Diegarsc: Tioacsnl
Drata Do n Open
il
EI Figee Irfomation = R
———_  [CooholSehgp
w EEIJCTTEEEE ..
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1.5 Loading a Library

There is a basic dichotomy in working with AQUATOX. You have a choice of editing
database files in the general library or of opening a particular study. Studies are self-contained files
with all the information on a particular simulation, including initial conditions, loadings, parameter
values, first and last dates for the simulation, and simulation results. Parameter values can be edited,
but changes apply only to that study. The intent is to be able to archive a model application so that
all assumptions and results are saved for future reference. This is especially important for regulatory
applications that are subject to later review. (Of course, you also should archive the version of
AQUATOX that was used.)

Parameter and site records that will be used repeatedly should be saved in the appropriate
library. Each library is a database in Paradox format with records for each organism, chemical, or
site. Generally, editing of parameters should be done in the library mode to maintain consistency
among studies. In contrast, if a site record is only going to be used for a single study, it may be
desirable to create it within the study. Study records can be copied into the library; so the choice of
where to edit parameters is up to the user. It is the user’s responsibility, though, to synchronize
parameter values among studies. This can be done by saving a record to a library and then loading
that record to each study.

To create or edit a record for general use, click on Library in the menu bar. You can then
click on the specific library from the pull-down menu.

i AQUATOX-- For Windows: "ESFenPond._aps™

Eilell:il:urar_l,l Study  fderzun Help

aimals |1QUA TOX: &

Chemicals...

Plantz...

A el NVALERATE, PONI

Bemineralization. ..

e Litarary
[eleteHran r2-00 12:00 PV

[Eopy[Litran p Cirl. Run Recordes

EopyEecand
D araopeTanos: | Program Operz

In this example we will choose Chemical and Default in sequence. The first record is for atrazine.
We can click on the arrows in the upper left or can search for a particular name to move through the
database. Use the arrow to move to Esfenvalerate. When you leave a database you will be asked
whether you want to save it or lose any changes you might have made. The frequent requests for
confirmation may be irritating, but they are for your protection. Any time you leave a record you
may back out of a change by not saving it. There is no undo capability, so if you save a change, you
are stuck with it, except by re-editing the entire record. It is easy to print a record, and you are



AQUATOX USER’S MANUAL CHAPTER 1

encouraged to make a hard copy before you make extensive changes. Some variables are not used
at this time and are so indicated.

U TE - i S

Chimical  [Exfenvalerate B | pew | ety Dats |
Chemical Properties and Fale Dala:
CAS Regirity Ma Em_1 Cramica s aBase T
ol scadan Warght | A Feleresoos
Dmzncalion Carsisnt | [ L] |
: | = DD e [Pt el Cunenily
. =IstEE— Tyt
Hiry s Lo Comitant | BAFH sm el |F|.r|.|m
A HET mm Ha PR e
L1}
R r-—— BB (o [Pirmaba I

ol T T
i iitinh Evargy Fo
?-:Em: [ THIN cakmal
Piats o Srasrober
P Crbial Degradaion [ UliN
Rale of Aarolsc

Meerstial Dugracdatibn 035 (in
Lrecryzed
ety coratent | 0 1m
Acid i
—_—" - 0 loreed 4

Dasss iy
BBl RS Connanl | LARE R
Pholalpsie Fade [ D67 1
T ...I:': f. Lok

|I:*_ Tiom Oictan ol Wialar Coell

|l-F-H
I
[ELLE
I
I
I

[Schimmal gt s W

(Pl Pl iy
LT TERE ]

Dy fo Magck Egukbaum 52,77
iTrieedt v ne (b LIatn: Pyt oy el

=

You can see the lower part of the screen, which gives toxicity data for the chemical, by

clicking on the scroll bar at the right or by clicking on the Toxicity Data button at the top right.
Toxicity can be estimated for several organisms, given data for others indicated in bold type. For
example, change the LC,, for trout from 1.3177 to 1.4 (or any other value). You will then get a
window presenting you with other organisms for which the LCs, can be estimated. If any have zero
values, they will be checked automatically. The estimation procedures were developed with
pesticide databases (Mayer and Ellersieck, 1986, Suter et al., 1986), so they should be applied with
caution to industrial chemicals.
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1.6 Running and Saving a Simulation

You can run both Perturbed and Control simulations to see the impacts of various stressors.
The results can be exported in dBase, Paradox, or text (Prn) formats. When you click on Export you
will be given the Study subdirectory as the default for saving the results; you may wish to choose the
Output or some other directory.

CrTTe— 2l
Save In: Ia Studiez j ﬁl

File narme: | Save

Save az type: LN e e =] Cancel |

1.7 Running Batch Mode

There are applications where it is desirable to run a series of studies automatically. This can
be done by creating a Batch subdirectory under the Study directory and placing studies with
appropriately chosen options in it. The subdirectory should also contain a text file labeled
“batch.txt” that lists the names of the studies to be run, one to a line. On the menu bar you should
click on Run Batch on the pull-down File window. That will open a window that allows you to
Run in Batch Mode. You also can save the BAFs and organic-matter partition coefficients (KOMs)
to a comma-separated text file batchout.csv. (See Volume 2: Technical Documentation for
discussion of bioaccumulation of organic toxicants, BAFs and KOMs.) The Help button will give
you context-sensitive help.
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Run in Batch Mode
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Help with Batch Mode |

Batch Mode Help:

Batch Mode iz designed to help the uzer run multiple filez with one button prezz. Thiz iz
ezpecially uzeful for BAF analysis.

To run a program in batch mode, you must have a subdirectary off of pour Studies
Subdirectony named "'batch"

In that “'batch’ subdirectory must be all studies you wizh to run along with a file named
"batch. kst

The batch .kt file must include each study name that you wizh to run on a separate line. Mo
blark lines may be included.

The program will then execute each of the specified studies one by one and zave them along
with their results.

To autput the last BAF datapaoint for each organizm in each of the batch files, select the
Output buttorn. T hiz will open eachk study and write all of the BAF data from each study file into
a C5 file named batchout, cev,

QE.

At this point you may experiment with the various buttons and screens. You cannot hurt
anything; just don’t save the edited data or the study when you exit the screens and AQUATOX
unless you Save As a different name. On the other hand, if you are more comfortable following
directions, read on, doing the operations as you go.
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2. MODEL COMPONENTS
2.1 State Variables

Selection—State variables are those ecosystem components that are being simulated. These include
organism and detrital compartments and their associated toxicants (which are not listed in the Study
Information window), nutrients, dissolved oxygen, and other variables traditionally considered
driving variables, such as water inflow, temperature, pH, light, and wind.

AQUATOX is very powerful because you can add or delete state variables. It is even
possible to remove all biotic components in order to model a tank or other sterile system. In general,
the fewer state variables, the better. In particular, unnecessary state variables slow down the
simulation and create additional requirements for verification. This is especially true for streams,
which tend to be more dynamic and therefore slower to simulate. Nevertheless, often it is desirable
to model a food web rather than a food chain, for example to examine the possibility of less tolerant
organisms being replaced by more tolerant organisms as environmental perturbations occur. The
choice of which state variables to model depends to a large extent on the purpose of the modeling
application.

- AQUAT OX-- For i =TS
File Library Study M Help

AQUATOX: Study Information

Study Name:  [ESFENVALERATE, POND State and Driving Variables In Study

Model Run Status: Dissolved org. toxicant: [Esf lerate]
Perturbed Bun: No Rur Recorded Af’“mﬂ“ia
Control Run: Mo Ctrl. Run Recorded Hitale
Phosphate
Data Operations: Program Operations: garhun (Ml
RYgen
L Lahile sed. detritus

m Initial Cands. L5~ Perturbed Refrac. sed. detritus
Susp. and dissolved detritus

% Chemical Control | Buried lahile detritus
Buried refrac. detritus

) Diatnms: Niatnmsl

wy se | [ Qutput Bl N <|

G
o T uri o

F Setup | ~ Export Results | % @ Delete "Macrophytes: [Myriophylium]*?
He

@ Hotes | Export Control Pre Canicel | 1
Bo
Fo

Small game fish: [Largemouth Bass, YOY]
Large game fish: [Largemouth Bass, Lg]
Water Yolume

pH

Light

Temperature

Wind Loading

Add | Deletel Edit |

Open the file Esfenpond.aps, if it is not already open. We will remove the macrophyte
compartment by highlighting it in the list, clicking on the Delete button, and confirming the deletion.
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When the change is made, you will see a warning that the Control Run is not current. The control
run provides a basis of comparison so that the effects of the perturbation can be determined.

Likewise, state variables can be added by clicking on the Add button and choosing from the
list. Let’s add macrophytes back to the list of state variables.

Select State Variable to Insert:

x Cancel |

Note that the names of the taxonomic groups and ecologic guilds on the main study screen
are followed by the names of the specific groups in brackets. We have to specify the type of
macrophyte by highlighting Macrophytes and clicking on Edit, or by double-clicking on
Macrophytes. That will give us a double screen representing both the macrophytes and the
associated toxicant. Click on Load Data to load a specific plant record for macrophytes. In this
example, Chara and Myriophyllum are the only macrophytes listed; we highlight Myriophyllum and
click on OK. If there is no selection made you will receive an error message indicating that there
is no data associated with the state variable Macrophyte.

Select Plant Entry to Load:

Entry Name:

= ' Default File " Other File
Asterionella

Attached blue-greens

Blue-greens

Chara

Chlorella Default File-- Plant.PDB
Cryptomonad

Cyclotella nana

Myriophyllum
Periphyton, Diatoms

Periphyton, Greens

Initial Conditions—To continue with our macrophyte example, we should enter a value for the
biomass of macrophytes present at the beginning of the simulation; if the value is left as 0 and there
is no loading, then macrophytes would not be simulated. The initial condition will depend on when
the simulation starts (which is specified in Setup). In this example we will enter a value of 0.1 g/m?,
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which is appropriate for Myriophyllum in a temperate pond at the beginning of the growing season.

AQUATOX- Edit State Yariable D ata
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The Initial Conditions screen provides a useful way of displaying all state variables. In
order to avoid conflicts with other windows, you cannot edit the initial conditions in this screen; that
is reserved for the loading screens.

State Variables' Initial Conditions: |

State Variable Name i

Dissolved ory. toxicant: [Esfenvalerate]

Ammonia

Hitrate

Phosphate

Carbon dioxide

Oxygen

Labile sed. detritus

Refrac. sed. detritus

L detr diss

R detr diss

L detr part

R detr part

Buried labile detritus

Buried refrac. detritus

Diatoms: [Diatoms]

Blue-greens: [Blue-greens]

Greens: [Periphyton, Greens]
Macrophytes: [Myriophyllum]
Detritivorous invertebrate: [Chironomid]
Herbivorous invertebrate: [Daphnia)
Predatory invertebrate: [Predatory Zoopl
Bottom fish: [Catfish]

Forage fish: [Bluegill]

Small game fish: [Largemouth Bass, YOY]
Large game fish: [Largemouth Bass, Ly]

. |Units Org. Tox. |.C.|Tox. Units|

0.08 my/L
0.05 mg/L
0.05 my/L
1.5 mg/L
12 my/L
3 g/sq.m
3 g/sg.m
0.18 my/L
0.72 mg/L
0.02 my/L
0.08 mg/L
2 Kg/cu.m
2 Kg/cu.m
3 my/L
JE6 myll
0.2 mg/L
0.1 g/sg.m
2 my/L
0.03 my/L
0.1 mg/L
0.552 my/L
1.35 my/L
0.94 mg/L
0.01 my/L

Parameters—These provide values for coefficients in the process equations. Although default
values are given, the user has great flexibility in specifying values to represent site-specific species
or groups. We already have seen the screen for chemical parameters as an example of using the
Library. Instead of loading the general library record, we could have loaded the study-specific record
by clicking on Chemical or by double-clicking on Dissolved org. toxicant in the state variable list
and then choosing Edit underlying data. In the following examples we will examine a record from
each of the other libraries. A record can be down-loaded into a study from a library by choosing
Load data on the Edit State Variable Data screen.

We will examine first the parameter screen for plants. Choose Plants from the Library
menu, then move to Cyclotella nana (this is a common diatom, but we could just as easily have
chosen Diatom and gotten more general parameter values). Two fields near the top of the screen
require explanation. If'you click on the arrow to the right of Plant type, you will be given a choice.
The choice of Plant type is important because different types have different physical or biological
processes that apply to them. For instance, phytoplankton are subject to sinking, but not periphyton,
which are attached to a surface. Conversely periphyton are limited somewhat by very slow current
velocity; but not phytoplankton, which are adapted to still water.

2-4
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Less obvious is the Toxicity Record; again, clicking on the arrow to the right of the field
will give you several choices. The intent is to associate the organism record with one of the limited
number of organisms for which there might be toxicity data or procedures for estimating toxicity.
In this instance, if you choose Diatoms the model will utilize the toxicity data (e.g., EC50) for
Esfenvalerate to Diatoms, as listed on the Toxicity Record portion of the Chemical Properties
screen.

AQUATOX- Edit Plant

nnuuﬂ Cyclotella nana

M Half-saturation mg L Collins & Wlosinski 83, p. 36
Inorg. € Half-saturation IW mg i L IC & W 83, p. 39 (yreens)
Temp. Response Slope I—‘IH I
Optirmum Temperature |—1I] "o ICoIIins & Wilosinski 83, p. 43 =20
Maximum Temperature I—?aﬁ e I
Min Adaptation Temp l—ﬁ “© I
ax. Photosynthetic Rate |—3‘4 11d |C & W B3
Respiration Coefficient I 0.026 1/d |
Iortality Coefficient IW frac/d Icalibrated
Exponential Mort. Coeff. 0.04 maxid I
P : Photosynthate IW ratio IRedﬁeId et al. 63 stoichiometry
N : Photosynthate IW ratio I
Light Extinction IW 11m I
Phytoplankton Only:
Sedimentation Rate [ 0.16 1/d [Collins & Wiosinski 83, p. 30
Exp. Sedimentation Coeff IW |2 % normal if photosyn. =0
Feriphyton and Macrophytes Only:
Carrying Capacity I—I] 0/m2 I
Reductian in Still Water I—I] fractian I

The given parameter values are provided to get you started; if you have more appropriate
values, you should use them! Those parameters that do not pertain to phytoplankton are dimmed.
If you try to enter a value for Reduction in still water, for example, you will find that the field
cannot be edited.
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Next we will locate the record for Chironomid from the Animal Library. Click on Animal
Type to see the pull-down menu. Chironomids have aquatic larvae, so Benthic insects is chosen;
this is important because emergence is simulated by AQUATOX for insects as a loss term, but does
not apply to other animals. Note that the drop-down menu for Toxicity Record here includes an
Other selection. Ifthere is no clear association and you have toxicity data, you should choose Other
and enter the data under Other in the Toxicity part of the Chemical screen. Click on the scroll bar
to the right to see the rest of the Plant screen.

EEEEE Chironomid
Animal |Chironomid Eind | e |
Animal Type: |Benthic Insect vl Toxicity Record: IChirnnnmid -

|»

Fish
Pelagic Invert. .
Benthic Invert, Data
: Referances:
Half Saturation Feeding 1 my " InlJ values in lit.

Maximurm Consurmption I 3 gigd ILeidy & Ploskey 1980, p. 95
hin Prey for Feeding I 0 mgiL I

Temp. Response Slope 1.62 IBerg et al. 1962, p. 19 {respiration)
Optirmum Temperature I 26 °c :' fault val (see Daphnia)

Iaximum Temperature I 34 ¢ |
Min Adaptation Temp. I Ll I =
Respiration Rate I 0.035 1/d ILeidy & Ploskey, 1980, 20 degrees, p. D1

Specific Dynamic Action I 0.1 (niess) Idefault

E:xcretion : Respiration I—I]‘I? ratio I
Garnetes : Biomass I—I] ratio Iinsec‘t
Gamete Mortality I—I] Iid I
Mortality Coefficient W Ird Iminimal, L & P '80 general value
Exponential Mort. Coeff. I—I]IJZ max i d I
Carrying Capacity Iiﬂ] mglL Iohs. hiomass Lake Esrom, Den.

=

Scroll down to see the rest of the screen. The trophic interaction table is important because
it defines the food-web relationships and assimilation efficiencies. Freshly sedimented
phytoplankton are an important food source for chironomids; these are modeled as labile sediment
organic matter in AQUATOX. The Bioaccumulation Data section contains parameters relevant to
bioaccumulation of organic toxicants, only one of which (Initial fraction that is Lipid) is sensitive.
The model is not sensitive to the longevity of the insects because emergence is a function of growth
rate, which depends on local, seasonally varying conditions. Likewise, mean weight can only be
approximate across all instars because it will vary greatly during the growing season.
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ARQUATOX- Edit Animal

<[ o] —

Gamete Mortality 0 |id =

Mortality Coefficient I 0.001 jid Iminimal, L & P '80 general value
Expaonential Maort. Coeff. I 0.02 max/d I
Carrying Capacity I 10 mg/L Iohs. hiomass Lake Esrom, Den.

Trophic Interactions:

Preference: Egestion: References:
(ratio) (fraction)
Sed. Refractory Detritus 0.01 1 [filter feed by means of weh
Sed. Labile Detritus 0.99 0.3 |selectively filter feed mostly floc. layer
Particulate Refrac. Detritus 0 1
Particulate Labile Detritus 0 05
Diatoms I} 0.2
Elue-Greens 0 0.8
Greens I} 0.2
Macrophytes

Detritivorous Invertebrates

Herbivorous Invertebrates

Predataory Invertebrates

Farage Fish
Bottomn Fish

Small Game Fish

Bioaccumulation Data:

Mean age or lifetime I 369 days Imulti-year in L. [Esrom (Berg et al. 1962)
Initial fraction that is Lipid 0.05
(Wat Wyt I ' I
hean weight I 0.0073 g IHandbuuk of Environ. Data

L

Finally, we will examine the default remineralization screen. Because the parameters are
global there is little need to change them for a site, unless the organic material is quite different or
there is some reason that the microflora might have adapted to abnormal conditions, such as a
thermal spring or acid mine drainage.
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ARQUATOX- Edit Remineralization

e |
|Defau|t Remin Record Find | E |
Remineralization Data:
References:
Max. Degrdn. Rate, Labile IW glg-d IGunnison 1985, p. 63 (phytoplankton)
Max. Degrdn. Rate, Refrac. lm glg-d IGunnisnn 1985, p. 63 (conifer needles)
Temp. Response Slope I—Z |no longer used
Optirnum Temperature |725 @ Itemperalure at which degradation meas
Maximum Temperature Iiﬁﬁ c IAIexander, 1961
Min. Adaptation Temp. |72|] c Ino longer used
Min. pH for Degradation |—5 ILyman et al.'82;Francis et al. in Hendrey
Max. pH for Degradation I—Bﬁ ILyman et al., 82
Organics to P IW frac. IRedfieId 48 ratio
Organics to M IW frac. I "
05 Biomass, Respiration IW ratio IWinﬁeId et al., 71 & Redfield 58
Qa0 M, Mitrification 4.57 ratio IScavia B0
Detrital Sed. Rate | 0.15 oim-o  [Collins & Wiosinski 83 (0.69)
Py, Anaerobic Sed. Iiﬂ gimz-d Iredundant
NHg, Aerobic Sed. [ 92 ofm*d  [Effler etal. 1967, p. 695 (mg or g7)

Loadings— Double-click on Dissolved org. toxicant or on the Chemical button on the main screen
to bring up the Edit Chemical Data screen, and to examine the various options for loadings to the
system. Pollutant loadings can be entered as constant or dynamic loadings in several different forms.
The pollutant can be entered as a concentration in the dissolved phase (or loosely bound to
suspended sediment); the water inflow and the site volume are then used by the model to compute
the loading per unit volume. The gas-phase concentration is used to compute atmospheric exchange;
ordinarily concentration in the atmosphere can be considered to be 0, although some pollutants such
as PCBs may have significant atmospheric concentrations.

Point-source loadings are mass per day (g/d) for the entire site; they are divided by the site
volume to obtain the loading per unit volume. In this example, dynamic loadings from a point
discharge as calculated by the PRZM model are entered. Note that the dynamic loadings are
interpolated, so if the intent is to represent a spike such as from storm runoff on a particular day, then
the loading should be bracketed by “0" loadings. The model assumes that the loadings “wrap
around” with an annual cycle and that the last loading can be interpolated to the first loading as if
it were in the succeeding year. Exercise caution when modeling multiple years, but you only have
loadings data from one or a few years. Sporadic loadings, which would only be expected in that one
particular year, may inappropriately be repeated in successive years. If you do not wish loadings to
be repeated, enter values (“0" or otherwise) for the first and last days of the simulation. The dynamic
loadings in this example were entered by hand; an excellent alternative is to download or prepare

2-8
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a file external to the model and import it into the study using the Import button. This procedure is
described in detail later.

Another potential pollution loading source is from direct precipitation. These are given as
g/m” d because AQUATOX does not explicitly consider precipitation. Click on N.P.S. to toggle to
the non-point source screen, which is in g/d.

EAQUATUX-- For Windows: "ESFenPond.aps" ===l

File Library Study Mercury  Help

AQUATOX: Study Information

b (T TR A UAT 0X- Edit Chemical Data

Model Run Dissolved org. toxicant: e} Loadings from Point Sources
Perturhed | [Esfenvalerate] ¢ Use Const. Loading of |u gid
Contral | Initial Condition: Gas-phase conc.: % Use Dynamic Loadings

Jo ugl. [0 g/m’ Date [Loading [ =]
Data Operation: 12/25/1994 0
m Initial ¢ Loadings from Inflow: : 12/26/1994 0.0421
_ & Use Constant Loading of 12/27/1994 0.13289
o -
% Chem | ugiL | [12:28/1994 0108517
" Use Dynamic Loadings |#[12/29/1994 0 _
W Site Date Loading + [ = | - | tmpor |
Multiply loading by IIJZ—
Setu
L Loadings from Direct Precipitation
@ iz & Use Const. Loaing of [0 gim2 -d
= " Use Dynamic Loadings

-

| = |~ | import |
Multiply loading by |1

Notes: Ilnadings are output from PRZM for adjacent 7 | — I =

I Import I
|cumﬁeld; 20% of worst case scenario Multiply loading by |1—

Load Data | Edit Underlying Data

Add | Deletel Edit |

Let’s go back to the Macrophyte Edit State Variable screen. Ordinarily we think of loadings
as pertaining only to chemicals and freely moving organisms such as plankton and fish. However,
it is often desirable to enter a small constant loading to serve as a “seed” if the population or group
is killed off entirely by a toxicant or adverse environmental conditions. This is especially important
for macrophytes that suffer winter die-back. Therefore, we will use a value of 0.001 g/m® as a
constant loading. This is small enough that it will not affect the results during the growing season,
but it is large enough to represent regeneration from rhizomes, which are not modeled explicitly.



AQUATOX USER’S MANUAL CHAPTER 2

ABUATDX- Edit State Yariable D ata
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Perhaps the most confusing, yet flexible, loading screens are those for suspended and
dissolved detritus. In an effort to minimize data requirements, the screens combine several
compartments: suspended and dissolved refractory and labile detritus, defined as percentages.
AQUATOX will make the appropriate conversions from BOD, organic carbon, and organic material,
and partition them among refractory and labile particulate and dissolved fractions to provide input
to the model run.

ABUATDX- Edit State Yariable D ata

Susp. and dissolved detritus Loadings from Point Sources

& Inputis Organic Matter (+ Use Const. !_Dadmg?ufll] g/d

" Input is Organic Carbon " Use Dynamic Loadings Azzociated

' Input is Biochemical Oxygen O d with
Organic
Initial Condition % Particafate ¥ Refractory I atter

Jn mglL 10 80 g/d

Infiow Loadings: Inflow Loadings:
i+ Use Const. Conc. of % Particalate % Refractory

Il] mgiL |1l] IBU - | = | _ | Import |
e i b
Uz aTtfe (HEmE @1 Multiply loading by |1

Loadings from Direct Precipitation

i+ lse Const. Loading of II] gm2-d
' Use Dynamic Loadings

Azgociated
with
Organic
M atter

m2 -d
| = | - | import | <

Multiply loading by |1

Nutes:l - I — I - Ilmpolll

I Multiply loading by |1
View Tox. Loadings __NPS. |

2.2 Sites

Selection—Several default sites are provided as part of the AQUATOX database. These can be
edited and additional ones can be created in Library mode. They can be loaded into a Study by
clicking on the Site button. The Site Type is used at this time to indicate a baseline extinction
coefficient for the water and, for streams, to enable computation of discharge-related characteristics;
it does not serve as a filter for the site choices that are presented when one chooses Load Site from
DB.
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Select Databasze Entry

Sealact Site Entry to Load:

o ]
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Site Characteristics—Each site can be characterized by a small number of site constants. These
can be seen and edited by clicking on Edit Underlying Data in the Site Data window, or they can
be loaded from the Library. There is some redundancy in that Volume, Area, and Mean Depth
all have to be specified. Based on mean and maximum depth, the bathymetry of the site is
computed. Volume is a state variable and can be computed in a variety of ways (accessible through
the volume loading screen); however, one option is to set it to a constant using the value provided
in the site screen (see 2.3 Driving Variables).

Both epilimnetic and hypolimnetic temperature parameters have to be specified, even for streams
and ponds, where they can be set equal. Given observed annual means and ranges for temperature
and light, seasonal fluctuations are computed. These are not computed from the latitude because of
local and regional differences in elevation, cloud cover, and maritime or continental climatic
conditions. Latitude is used to compute the seasonal variation in day length. The Max. Length is
the distance, usually the long axis, across which wave buildup can occur; it determines the depth of
mixing in stratified systems. Some variables are not used at this time and are so indicated.

AQUATOX- Edit Site

Onondlaga Lake
RROEE _Print |
Site Name |Oneondaga Lake Eind | e | =
0 Stream Data |
Site Data.
Referances:
Max Length (or reach) I 0779 km IEferr and Harnett, 1996, p. 3
Wil ey i e e it | 131000000 | m° [Effter and Hamett, 1996, p. 4
weater volume state war.)
2 -
Suriace Area | 12000000 ™ |
Iean Depth I 109 m I
Maximum Depth I 195 m I
A Ep"”’?”e“c | 13 % [Owens and Efler, 1996, p. 207
Bmp.
Epilimnetic Temp. l— a =
Range 210 I
Awve. Hypolimnetic l— - m
Temp. 8 °c I ' P 247
Hypolimnetic .
Temp. Range I 8= I
Latitude l—43 I
{Meg. in So. Hermisphere deg.
Average Light I 258 Lyid |Lake George
Annual Light Range I 430 Lyid I
Total Alkalinity | 130 ol |z.s meqL, Effler et al., 19 (Pﬂlazfgzizﬂoé E:;rg;ﬂ)'v
Hardress as CaCcO? I 174 mocaces [ [o.d mea, Effler etal, 19 “ﬁﬁs’g;‘s; T&E;?g;ﬂ"
Sulfate lan Conc. | 147 moil -2 mear, Eer etal, 13 (TS by T\%S:;rg;d)w
Total Dissolved Solids | 1230 ol [, efner etal. 1996 p. 265, ["Ufijf;gj‘:;'j\‘gj:;rg;“)“’ r

If modeling a stream, information on the type of channel and slope can be supplied by clicking on
the Stream data button.
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2.3 Driving Variables

The traditional driving variables (light, water temperature, wind, pH, and water volume) are
listed with the state variables on the Study Information (main) screen. This was done because it
simplified the data structure, and it provides for expansion of the model to compute these variables
using differential equations. As mentioned above, light and temperature are computed from annual
means and ranges using simple sinusoidal functions. They also can be specified by the user as
constant or variable loadings. The Edit window is called by double-clicking on the appropriate item
in the list.

AQUATOX- Edit State Yariable D ata
Light

Initial Condition:
333 Ly/d

& Use Annual Mean and Range Loadings
" Use Constant Loading of
|l] Ly/d

= Use Dynamic Loadings:

| = | o | import |

Multiply loading by I1

Notes: |
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As a default, wind is computed using a complex Fourier series of sines and cosines for a 140-

day repeating period with a user-supplied mean value. Dynamic loadings of observed values can be
entered or imported. At this time pH is a site constant or loading.

AQUATOX- Edit State Yariable D ata

Wind Loading

Initial Condition: Mean Value (my's)
IU mis |4
& Use Default Time Series
" Use Constant Loading of

|1— m/'s

= Use Dynamic Loadings:

Date Loading

-

| = | o | import |

Multiply loading by I1
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Inflow, outflow, and changes in volume can be represented by a variety of options. In this
simple example, the volume is kept constant. Although inflow is provided as a constant, it can be
overridden by the model if there is insufficient inflow to offset evaporation (an annual site constant
set by the user). Likewise, discharge is computed to maintain the volume with high inflow. An
example of dynamically specified volume will be given later.

AQUATOX- Edit State Yariable D ata

Inflow of Water

{+ Use Const. Loading of |1 5 cum d
Initial Condition: ' Use Dynamic Loadings

|2|]|]4 cu.m Date [Loading |ﬂ

L

Water Volume

| Use Manning = Equation (Streams onhyy
{* Keep Constant at Initial Condition Level
" Calculate Dynamically

" IHilize Known Values (below)

H,'-ln—I/IImpnl

Multiply loading by |1

Date Loading

-

| = | - | import |

Multiply loading by I1

Get Initial Condition from Site Data

2.4 Setup

Before you execute the model, you should check various settings by clicking on Setup. At
the top of'the setup screen you can modify the first and last days of the simulation. Use a 4-digit year
designation to avoid any confusion between the years 1900 and 2000; the model will interpret “/00"
as “/2000.” The Data Storage Step defines how often the results are saved, it is usually one day, but
can be varied to save space or show high frequency results. AQUATOX interpolates variable-step
output to obtain the desired interval. The Relative Error is the acceptable error in the simulation; if
it is not achieved in a particular time step, the variable Runge-Kutta routine decreases the step size
and tries again. If the relative error is too large, the results may be erroneous; if it is too small, the
run time may be too long. Usually a value between 0.005 and 0.0005 is appropriate, but you may
wish to experiment for a particular application.
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First Day of Study Bk FyEHED Last Day I 05/01/199
Data Storage Step | 1.00 {in days)

Relative Error | 0.0050 Minimum Stepsize 1E-10

[~ Keep Freely Dizzolyed Contaminant Constant

[~ Dizable Dynamic Lipid Calculations

[~ 'Write Hypolim. Data When System not Stratified

[~ Include Complexed Tox. in BAF Calculations

1 Equilibriom Fugacity = Kinetic Partitioning

t* Show Integration Info ¢ Don't Show Integration

{~ Save Biologic Rates ' Don't Save Rates

Rate Specifications |

Uncertainty Setup Control Setup

What follows are three choices for computing bioaccumulation factors (BAFs) and a choice
for saving output. If you wish to compute steady-state BAFs, you may wish to hold the freely
dissolved contaminant constant; this was done in an application concerning PCBs in Lake Ontario
(see Volume 3: Model Validation Reports document). AQUATOX calculates time-varying lipid
fractions in fish, but those calculations can be disabled and default or user-supplied initial values can
be used. The older literature often did not distinguish between freely dissolved contaminants and
those complexed with dissolved organic matter. You may choose to include the complexed
contaminant in computing BAFs so that the results are directly comparable with the older literature
values. In plotting output for stratified systems it is usually more pleasing to plot continuous values
for the hypolimnion, even when the system is not stratified. This is done by duplicating epilimnion
values for the hypolimnion when the system is well mixed; however, that takes additional storage,
so you may choose not to duplicate those data points.

Fugacity and kinetic partitioning are grayed out because the model only represents kinetic
partitioning now. If you click on Show Integration Info. you will be able to see what time steps
are used in solving the differential equations and what rates and associated relative errors are causing
the integration to slow down while the model is running.
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AQUAT0X-- Running

Progress:

Cancel

l 3%

(05/12/1994)

Percentage of Maximum Stepsize:
I —
100 %

Last Error Overrun: Errvfal:

T H20{ug/L)

Largest Rate: Load

You may save biologic (and chemical) rates for examination with a spreadsheet program.
Choose Save Biologic Rates and click on Rate Specifications to designate those state variables for
which you want the additional output. Don’t save rates for all state variables or the output will be
voluminous! Usually you would save rates for each output step, by choosing When Writing
Results. However, you can save rates for each step in the solution of the differential equations, that
is, Each Attempted Step. You also can choose to save just the errors associated with each state
variable. These latter choices are useful only if you are concerned with the details of the numerical

analysis.

Specify Rate Information

File Type to Write Rate Data to:

" Paradox File (*.db)

Available State Variables:

¢~ DBase File {*.dbf)

Track Rates for these Vars:

co2

Oxygen

R detr sed{g/m2)
L detr sed{g/m2)
R detr diss

L detr diss

R detr part

L detr part

Bl-greens
Macrophi{g/mz2)
D invert
Hinvert

P invert

F fish

Bfish

Sm g fish

1 nn fizh

Oth aly{gm2)

=] Diatoms

Write Rates:

When Writing
Results

Each Attempted
Step

Write All Rates
Associated with
Each State ar.

Write Errors Onhy
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2.5 Output

AQUATOX takes advantage of the Borland database engine to provide a rich selection of
output screens. Click on Qutput in the main screen to see these. Unfortunately, because of the
complexity of the data and the number of output configurations, it may take several minutes to
format and load the output on a slower computer.

Tables—First let’s examine the Perturbed Simulation table. It gives the values for each of the
state variables using the reporting step specified in the Setup screen; the default step is one day. The
first row in the table gives the initial conditions.

Perturbed Toxilsl Control Simulationl Control Toxics | Perturbed Graph | Control Graph | Difference Graph | Perturbed Hypo. Sum _4

Print | Parturbed Simulation: StataeVariables | Figures In mg?' L uniess

(Epilimnion, if stratified) otherwise Inclic ated

Ostygen L dletr seci(yrn2) | R et sedgin2)| L detr diss
055011394 15 12 3 3 0
050111994
051024394
051031394
0510411994
0510511994
051061394
05A07H 994
051081994
05109 394
0510H 394
051111994
0512394
05131394
051411994
055394
0516H 394
05T 394
0515394
0519H 304
05201994
052119394
05221394
05231994
052401994
0525 394
051261 994
051271994
051281994

]
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The Control Simulation presents the results of a simulation without the perturbation. In this
way even subtle, indirect effects can be discerned. Furthermore, comparison of perturbed and
control runs ensures that consistent evaluations are obtained without undue concern with how well
calibrated the model is for a particular site.

QUATOX-- Dutput
Perturbed Simulationl Perturhed Toxics ; Control Simulatio |Contro| Toxics | Perturbed Graph | Control Graph | Difference Graph | Perturbed Hypo. Sum 4] »

Print | Control Simulation: State Variables | Figures In mg L uniess
(Epilimnion, if stratified) otherwise Inclic ated

Date T H2O(UGL) [MHY Oxygen L cietr sedl(gin2)| R detr secipin2)| L detr ciss
0510111594 0 12 3 018
0510111994
0510241994
051031394
0510411994
0510611994
061061394
05A0TH 994
051081994
051091994
05101394
051111994
051241984
05131994
051441994
0551984
05161394
05NTH 394
05151994
05191394
051201394
051211994
051221394
051231994
052411994
05251994
051261394
05271994
05281994

|
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The Perturbed Toxics and Control Toxics tables give masses of toxicant associated with
each compartment or carrier (in Lg/L, mass per unit volume) , total mass, time-varying half-lives (in
days), concentrations (in pLg/kg, ppb), and rates of degradation, volatilization, and loadings (in Lg/L -
d).

AQUAT OX-- Output

Perturbed Simulation

erturbed Toxics | Control Simulationl Control Toxics | Perturbed Graph | Control Graph | Difference Graph | Perturbed Hypo. Sum 4| »

Print Parturbed Simulation: Org. Toxics | Figures in porf L
— (Epilimnion, if stratified) unless othenwise indicatecd

Date THZOUGA) |Tidetrsed [Troetsed |Ticerdiss |Troetross |Tiderpat |Troerpart | Tos BurlDetrima)| Tox BurRDet (o) T cistoms | T bigr
05011994 0| 0.000e00| 0. 0 ] | 0 0 ol 0 al 0.0
054011994
058024 994
05MZH 994
05041994
051051994
05GH 994
O5M7H 994
051081994
059H 994
05401 994
054111994
054124994
05431994
05141994
054151 994
05461994
05H7H 994
0541%H 994
06H19H 994
051201994
05211994
05221 994
051231994
0512411994
051251 994
051261994
051271 994
05281994

]
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Graph—Limited graphing capability also is available. Click on the Perturbed Graph tab and you
will get a default graph for the perturbed simulation with representative ecologic guilds. By double-
clicking on a given point on a line you will get label for the line and value for the particular point.

[ TS|
Perturbed Simulatlonl Perturbed Toxics | Control Simulation | Control Toxics Perturbed Graph |Contro| Graph | Difference Graph | Perturbed Hypo. Sum_4 I Ld

Change Variables | Crganisimns inmgf L, toxicant in podl unless otherwise indicated. |

View Hypolimnion | Print Setup | Print Chart |
lad]iaab- s ] T JE[EI]E]
ESFENYVALERATE, POMD (FERTURBED) 01/30/2000 &:09:47 Piv
L
87.25 o Distoms
8376
80.27
76.78
7329 # Blgreens
£9.30
£6.31
§2.82
R & Dinvert
2 55.04
E 5235
g 4886
54537
[ @ Hinvert
é 41.88
= 3839
a1
~ 34.90
3.4
o Ffish
27.92
24.43
20.94
17.45 "
E )
1506 -.. @ Smg fish
1047 1 g
555 1 d 3
[’ Faanty
349 ok
e & Lggfish
06/294 394 05/264 994 104271994 12/26M 994 02/241995 05401 1995
(Epilimnion Segment) DATE

The color of the lines and symbols can be changed by clicking on the hammer (tool) icon and
selecting Palette Bar. The color can be dragged to the line (the cursor becomes a fill symbol to
indicate the procedure). Be careful that the fill symbol is on a line and not on the background, or you
will change the background! The scale can be changed by clicking on the magnifying glass icon, and
changing the maximum scale value. The titles and axis labels can be changed by clicking on the icon
labeled “ab” and changing the appropriate text.

You will probably wish to change the state variables plotted, so click on the Change
Variables button on the upper left. You can highlight one compartment, or you can highlight several
choices in the list on the left at once by highlighting the top one, moving the cursor down, and
pressing the shift key and the mouse button together. Clicking on the ] symbol will move the
choices to the window on the right. By clicking on the [ symbol you clear the list on the right.
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AQUATOX-- Select State Variables to Graph

T H20([ug/L)
NH4

L detr sed[g/m2]
R detr zed[g/m2)
L detr diss

R detr diss

L detr part

R detr part
BurLDetr[kg/m3]
BurRDetr(kg/m3)
Oth alglg/m2)
Macrophlg/m2)
P invert

B fish
Wakar Yol fea ml

Click on the Control Graph tab, and you will get a comparable plot of the control
simulation.
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By clicking on the 3D icon you can get a ribbon graph. Another option is an area graph. “A

picture is worth a thousand words,” so experiment with the other icons.

AQUAT OX-- Output

Perturbed Simulationl Perturbed Toxics | Control Simulationl Control Toxicsl Perturbed Graph

Change Variables | Crganisimns inmgf L, toxicant in podl unless otherwise indicated. |

View Hypolimnion | Print Setup I Print Chart I

Difference Graph | Perturbed Hypo. Sum 4

FM e B E N EE R Y

ESFENVALERATE, POND (COMTROL) 01/30/2000 &:09:47 Phd

((f((r((n((t((((r((((r((((((r(((((r(((((r((((r((((r(({(/(/{{/{/(/{(/(/(///(/{////////
LN TErTer Y

(Epilimnion Segmert]  DATE

Diatoms

Bl-greens

D invvert

Hirvert

F fizh

Smog fish

Lg g fizh
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More informative is the Difference Graph, which plots the percent difference of the
Perturbed minus the Control values for the state variables. It is an excellent way to isolate and
portray the direct and indirect effects of the perturbation. For example, in the pond study most
animals were affected by chronic and acute toxicity to esfenvalerate. However, the detritivorous
invertebrates (amphipods) recovered quickly. The forage fish (bluegill) rebounded in part due to the
abundant amphipods and benefitted from decreased predation from the large game fish (bass), which
did not fully recover during the year-long simulation.

T
Perturbed Simulationl Perturbed Toxilsl Control Simulationl Control Toxicsl Perturbed Graphl Control Graph Difference Graph | Perturbed Hypo. Sum_4 I Ld
Change Variables |
(Epilimion, if stratifisc) Print Setup | Print Chart |

[ lbga [ [am [+ [B L]
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430.64
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384 68 & Bloreens
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=
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5464
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3848
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& Dinvert
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05/011994 06291994 05011995

DATE

A graph can be printed by clicking on the Print button. Print Setup allows you to specify
the printer and its properties. You also can save the graph to the Windows Clipboard by clicking on
the camera icon. If you wish better graphics, then you should export results to a file to be processed
by a spreadsheet program.

The model also can compute and plot or tabulate lipid-normalized bioaccumulation factors
(BAFs). Two methods are provided for the computation: the actual BAF based on a comparison of
the concentrations in the organisms and the concentration in the truly dissolved phase in the water,
and a computation based on a “dissolved” concentration that includes dissolved and complexed to
dissolved organic matter—the latter for comparison with older literature values that did not account
for complexed contaminant. The choice of computational method may be made in the Setup screen.
If you choose “Log BAF” from the list of available variables, the resulting plot shows that

2-25
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esfenvalerate has a log BAF over 10 in forage fish (bluegill) at the end of the simulation, indicating
that is a highly bioaccumulative chemical, especially in a complex food web.

e AQUAT 0X-- Dul = " _1=] =
erturbed Toxics | Control Simulation | Control Toxics Perturhed Graph |Contro| Graphl Difference Graph | Perturbed Hypo. Sum 4 I Ld

Perturbed Simulation

Change Variables I Organisims In maf L, toxdcant in pal uniess othervise indicated. |

View Hypolimnion | Print Setup | Print Chart |
el sl (B e
ESFENVALERATE, POND (PERTUREED) 01/30/2000 9:10:17 FM ) 10w
955 o log BAF Ig g fis
936
297
358 ® logBAF smaf
819
7.80
741 & log BAF 1 fish
702
663
) 624 @ log BAF b fish
E 5.85
g 546
2
5 507 O log BAF pinve
5 agm
&
S 429
(o]
ST )
< log BAF d inve
251
312
273 1 g
234 b A log BAF macro
195
156
17 o log BAF bl-gr
078
039
0.00 O log BAF distor
0510141994 05/20/1 904 081261 204 10/271 204 121261094 02/2411995 051011995

(Epilimnion Segmert) — DATE

Files—You may wish to export the files for use in another program. From the Study Information
screen, click on Export Results, to export the results of the simulation with the toxicant, or Export
Control. The default will be in dBase dbf format, which is limited to eight upper-case letters in the
column headings. The full headings will be exported if you choose Paradox db format, which is the
native format of the AQUATOX data structures. A third option is to export as delimited ASCII files
suitable for importing into almost any spreadsheet.

Note that the library databases, saved in the Database subdirectory, also are in Paradox
format. To read and edit them with a Paradox-compatible program it is necessary to rename them
with a db extension, instead of sdb, cdb, pdb, or adb for site, chemical, plant, and animal databases.
Don’t forget to change the extension back before attempting to use it with AQUATOX.
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3. APPLICATIONS

Thefollowing examples areintended asillustrations of potential applications. AQUATOX
has been validated with several data sets from diverse sites and applications; however, like any
complex model, it should be evaluated for the intended use. More detailed reports on model
validation, including analysis of model predictions as compared to observed data, are found in
Volume 3: Model Validation Reports. No warranty, either expressed or implied, is made.

3.1 Nutrient Enrichment

AQUATOX has itsroots in what was basically a eutrophication model, and it provides a
reasonable representation of the effects of nutrient enrichment. It can be configured to depict a
complex food web that is both phytoplankton- and detritus-based, with both game fish and bottom
fish, which are very important from the standpoint of protecting aquatic life and fisheries. It also
reports phytoplankton both as biomass and as chlorophyll a, which is an important index of water
guality. Dissolved oxygen is another important index that is computed. The Secchi depth, an
indicator of clarity, also is estimated.

For our first example, we will use data from Onondaga Lake, New Y ork (Onondaga.aps).
The lake has been described very well in abook edited by Effler (1996). It has received municipal
and industrial wastes for many years, and effluent from the municipal wastewater treatment plant
accounts for nearly 20% of the annual inflow to the lake (Effler, 1996). Of particular concern are
the combined sewer overflows (CSOs) that carry storm water and raw sewage into tributary creeks
about 50 times a year. In 1991 there were 45 CSOs discharging into Onondaga Creek, 19 into
Harbor Brook, and 2 into Ley Creek. In a separate report, Park (1999b) described three levels of
analysesinvalidating Version 1.66 with Onondagal ake data. For purposesof thisexample, wewill
usethethird-level implementation with detailed |oadingsfor nutrients, asite-specific mixing depth,
and compartments parameterized for cryptomonads and rotifers.

Discharge data from the four gauged streams in the watershed (Onondaga Creek, Ninemile
Creek, Ley Creek, and Harbor Brook, listed in order of importance) were downloaded from the U.S.
Geological Survey Web site (see Table 1). Discharge from four ungauged streams was estimated,
assuming that they had an aggregate flow rate that was 94% of the discharge of Ley Creek and
Harbor Brook based on datain Effler (1996, p. 102).
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Table 1. Input Data for Onondaga Lake Simulation

Variable

Source

Format

Inflow

www.waterdata.usgs.gov
(note: URLs may change)

daily values for 4 gauged streams;
extrapolated to ungauged streams

Phosphorus, NPS

METRO

Effler 1996, calc. from p. 162
Effler 1996, calc. from p. 159

Effler 1996, p. 162

mean annual conc., 7 tributaries, 1989-
1990; mult. by respective inflow

mean loads, April-September, 1990

NO, & NH,, NPS

METRO

Effler 1996, calc. from p. 138
Effler 1996, calc. from p. 128

Effler 1996, calc. from p. 138

mean annua concentrations for 1989
for 4 tributaries

mean annual loads for 1989

Org. matter, NPS

Effler 1996, calc. from p. 138
Effler 1996, calc. from p. 128

back-cal culated from organic-N

N.Y.

METRO Effler 1996, calc. from p. 138 | mean annual loads for 1989

Epilimnion Effler 1996, p. 207 monthly interpolation from figure

temperature

Hypolimnion Effler 1996, p. 247 monthly interpolation from figure

temperature

Wind Effler 1996, p. 248 mean value est. from figure for 30
years

Solar radiation unpub. data, Lake George, observed annual mean and range

Initial conditions

Effler 1996

obs. dataand professional judgment

The loadings were then computed using average concentrations for the respective streams,
assuming aconstant rel ationshi p between concentration and discharge. Different average phosphate
valueswere used for 1989 and 1990 for Onondaga and Ninemile Creeks, which varied considerably
between the two years due to combined sewer overflows. Also, the concentration of ammoniain
Ninemile Creek, which flows through soda ash waste beds, exhibits an inverse relationship to flow
rate according to Effler (1996, p. 131); therefore, his Equation 3.12 was used to compute the
ammonia concentrations:

where:
[T-NH,]

[T-NH,] = 020 +

3-2

0.73
Flow

concentration of total ammonia (mgN/L),
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Flow

flow rate (m3/s).

The computations were performed in a spreadsheet by first converting the discharge data
from cfsto m%d and m*/s then, for the nutrients, multiplying by the given concentrations to obtain
mass per day (g/d) in successive columns. Theloadingswereimported into AQUATOX by clicking

on Import in the Edit State Variable screen and choosing the appropriate comma-delimited (csv)
or databasefile.
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Given the readily available hydrologic data, both 1989 and 1990 were simulated with daily
loadings. Examination of the loading plots confirms that the streams draining into Onondaga L ake
are indeed “flashy” or subject to fast runoff with distinct peaks; the nutrient and organic matter
loadingsvary accordingly, except theammonial oadings, which vary dlightly from the other loadings
due to the inverse flow relationship cited above. The data files and plots were prepared using
Quattro Pro and Excdl.

Onondaga Lake inflow Onondaga Lake ammonia loadings
7,000,000 1,600,000
5,000,000 1,600,000
- 1,400,000
i B 1,200,000
24,000,000 - = 1,000,000 |
= 3,000,000 é 500,000 ,
- =
Lz, E-:-:--:-:-u 3 boooaa L‘
|| 400,000 |, i
1:-:-:--:-:-: 200,000 & 1.-. a . | .M.!
-.':'.1:'1-59 DEV24/85 ofiorres DEV24/85 CEATH0
[ 480 ::.1::-1-9: hu;-nm OSA4BE 020400 V200

Results from preliminary model runs indicated that some of the model assumptions and
defaults were inappropriate for this application, and therefore needed to be modified. For instance,
the model computes the depth of the well mixed layer (epilimnion) using a robust regression
equation with the fetch (distance across which the wind can blow) as the independent variable; this
equation is based on a dataset for 167 lakes. In Onondaga Lake the computed mixing depth of 15
mistwiceasdeep asobserved (Effler, 1996). It appearsthat salinity from industrial pollutioninthe
lake is restricting the mixing depth. By back-calculating from the regression equation, a fetch
(Length) of 0.779 km was found to give the observed well mixed depth (MaxZMix) of 7.75 m:

MaxZMix = Length®3¢ - 0.569

log(7.75)
log(Length) = —=——= + 0.245
g(lLength) 0.336

Length = 779 m
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The maximum length was then changed in the Site Characteristics screen.

S Mame  [Onondags Lake

- . Siream Duin
Site Data: ——
Ratarences
Mas Langth (er saach | 0773 wm fio arca 7,73 m wall mivod layes
Wol Iy e [ 1mae0m [EAies ana mames, oo p 0

Gurfsca fong | VOB D A
Maga Dapth | W09 m 3
Misiran Daptk [ 15 m §
e, Eplate [ ——5 [Gwars awd Efies, 1996, p. 207
Eﬂmkg:-: M @ [
oL (Y ™ D
. |

Lamhge = |
T s dsg

Aewnge Lignt [ 29 wyin [k Grvege

Anaeal Light Rergs [ 290 Lyia [ L
& [ ™ [5 mag, Effier a1 al,, w08 p i
|7IM mg ||.|' mugl, CHiar ol al., 12656 p. &5

[ wF [12 mugL, Efer ut al., 1996 p. 765
|—‘I.L' | Mhai al al., 1'Es p_ fE5. salinik :l

A second modification was necessary because the observed spring algal bloom was not
predicted in initial runs. The spring bloom was reported to be due to cryptomonads, a flagellated
alga group that was not in the default data set. Using values from Collins and WIosinski (1983),
acryptomonad compartment was parameterized. The present version of AQUATOX can simulate
threealgal groups; diatoms and green algae are more important than blue-greensin OnondagaL ake,
so cryptomonads were substituted for blue-greens. Thisis appropriate because the model assumes
that blue-greens occupy the top meter of water unless the wind exceeds 3 m/s, when Langmuir
stripesform, and cryptomonads al so tend to movetoward the surface. Rotifersareimportant grazers
on cryptomonads, and predatory zooplankton probably are unimportant in the lake, so rotiferswere
substituted for predatory zooplankton. Furthermore, thefood preferencesfor rotifers were changed
to force them to “eat” cryptomonads in the model.
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In order to conduct “what if” exercises with the model, we will set the control options to
remove point source loadings for nutrients and detritus (click on Setup then Control Setup). This
effectively turns off the contributions of the metropolitan sewage treatment plant. (Another option
would be to turn off the non-point source loadings.)

F
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mEmicnn
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Using chlorophyll aas an indication of water quality, and plotting the Expor ted resultswith
observed values, we can see the normal predicted responses and those predicted if sewage effluent
werediverted. Asexpected, diversionispredicted to result inlower chlorophyll and thusbetter water
quality.

Standard prediction Prediction with sewage effluent diverted
120 120
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Other water quality parameters related to eutrophication and nutrients are also computed, such
as dissolved oxygen, Secchi depth, nitrate, ammonia, and phosphate. The user could perform similar
analyseswith these parameters aswas just shown with chlorophyll a. Thiswould giveamore complete
picture of the lake's responses to proposed nutrient control scenarios, and whether water quality
standards would be met. See Volume 3: Model Validation Reports document for a more detailed
discussion of the application to this highly eutrophied lake.



AQUATOX USER’S MANUAL CHAPTER 3

3.2 Contamination by Organic Toxicants

As the only general fate and effects model of potentially toxic chemicals in aquatic
ecosystems, AQUATOX is well suited for risk assessment of organic toxicants. An earlier version
was used in a comparative risk assessment of twenty-five pesticides. As an example, let’s consider
the ecological risk assessment of the pesticide chlorpyrifos in an experimental pond enclosure. Load
the study ChlorMed.aps and click on Chemical. You will see the Edit State Variable window. First
check to be sure that Gas-phase conc. is set to 0 and that the initial condition is 6.3 pg/L (we will
start the simulation with an initial concentration and no loadings). Then click on Edit Underlying
Data to get the chemical parameters. Click on Toxicity Data or page down to see the ecotoxicology
parameters. The lipid fractions for the organisms should be as shown below. When they are correct,
click on Estimate K2s (elimination rates) to be sure that estimates are up to date.(See Volume 2:
Technical Documentation for a discussion of K2s.) Then save and go back to main menu to run the
perturbed and control simulations. If you wish to evaluate biologic rates, that should be done in the
Setup screen prior to running the simulations.

AQUATOX- Edit Chemical

Load from Lib. Save to Library m Chilorpyrifos

Estimate k2s_| Toxicity Data:
byt omes. 19 Time tvs) (racion) feterenees
Rainbow Trout | 87008 | o0.0019 | % [ om [Regression on Bluegill
Bluegill [ 24 [00076 [ 95 [ 0.05 [EPADuluth 8, p. 124
Bass | 98487 | 00033 [ 96 [ 0.1 [Regression on Bluegil
Catfish p87.1736 | 0.0037 | 9% | 0.1 IRegressiun on Bluegill
Minnow [ 203 [ 00185 [ 95 | 0.047 |Holcombe etal., 1962
Daphnia | 047 | 0.0915 | 24 | 0.06 |EPA'H?, p. 42 {Duluth)
Chironomid | 1.4157 | 0.0532 [ 24 [ 005 [Regression on Daphnia
Stanefy [ 10 [0.0403 [ 96 [ 0.05 [Mayer &Ellersieck, 1982
Ostracod | 20853 | 0.0693 [ 24 [ 0.0 |Regression on Daphnia
Amphipad [ 020 | 00693 [ 48 | 0.05 [EPA 87, p.42 (Duluth)
Other | 0 | o[ s [ oo
,,,;E,‘;ﬁ}im f?g:: ?ﬁﬂe (#;ft’i-gn) Click here to View Algae LC50 Data.
Greens | o[ 2a [ e[ o0z
Distoms [ 0 [ 24 [ 9 [ 0z |
Blue-Greens [ 0 [ 24 [ o5 [ 0z |
Macrophytes | 0 [03207 [ 96 [ 0.2 |
e i ——
Minnow | 203 [10% of LC50 | 105 [5% of LCSO
Daphnia [ 0.09 [ 10% of LC50 [ 0.045 |5% of LCAD E
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The impacts are substantial when contrasted with the Control simulation. In the perturbed
graph the most obvious features are the immediate decline of most compartments with the exception
of the forage fish (minnows).

i AQUAT OX-- Output
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In the control plot we see a normal progression as first the zoobenthos, then the forage fish,
then the small game fish become established in this experimental system.

5 AQUATODX-- Output
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The difference graph shows the impact of the chlorpyrifos. It is obvious that a significant
fraction of the invertebrates are killed immediately. However, the effects on fish are more subtle and
interpretation of the output requires additional information.

e AQUATOX-- Dutput

Perturbed Hypo. Sum _{ I

Perturbed Simulation | Perturbed Tuxicsl Control Simulationl Control Toxicsl Perturbed Graph | Control Grap

Change Variables |
(Epilimnicn, it stratifiecd) Print Setup | Print Chart |
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DATE

The rates were saved by choosing Setup from the main screen, Save Biologic Rates, and then
Rate Specifications. The state variables and file type were chosen in the following screen. The plots
were produced using Quattro Pro, but any spreadsheet or graphing program could be used.

Specily Rate Information

File Type to Write Rate Data to:

(+ ParadoxFile (".db) (" DBase File (*.dbf)

Available State Wariables: Track Rates for these Vars:
Write Rates:

NO3 | Diatoms

coz2 & When Writing
Oxygen H invert Results

R detr sed{g/m2) F fish

L detr sed{g'm2) S g fish ¢ Each Attempted
R detr diss Step

L detr diss
R detr part
L detr part

g:h alopim2) = Wirite All Rates

S Associated with
Macrophig/m2)

Tr detr diss Each State Var.
T 1 detr diss
T r detr part
T 1 detr part
T diatoms

Write Errors Only
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Bluegill rates in control simulation Bluegill rates with 6 pLg/L chlorpyrifos initially
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With chlorpyrifos, the small game fish (actually bluegill young-of-year) immediately suffer
loss of food base; but, more important, the increase in defecation indicates chronic toxicity, which
is paralleled by decreased consumption in the simulation. There is no acute toxicity as indicated by
mortality, but the fish biomass declines steadily. Examination of the chemical record shows that
bluegill have a laboratory LC50 of 2.4 ug/L The fact that bluegill are not killed can be explained by
the rapid sorption of chlorpyrifos to sediments and therefore decreased bioavailability.
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Chlorpyrifos is a bioaccumulative chemical. A plot of bioaccumulation factors indicates that
there is biomagnification up the food-chain and that steady-state has not been achieved for the fish
in the three-month simulation.

5 AQUATOX-- Output

B Mol DL EEr




AQUATOX USER'S MANUAL CHAPTER 3

3.3 Multiple Stressors Due To Agricultural Runoff

In our example, we will model arun-of-the-river reservoir receiving extensive agricultural
runoff and minimal municipal and industrial effluents (Park, 1999a). In the 1970s approximately
90% of the watershed of Coralville Reservoir, lowa, was in agricultural land (MacDonald and
MacDonald, 1976). Water quality was so poor that the lake was referred to locally as the “ Dead
Sea.” Wewill usethereservoir study Coralville.apsasastarting point. Openthefile, thenclick on
File and Save As, and name it AgricRes.aps so we don’t write over the default reservoir study by
mistake. Also, changethe Study Nameto“CORALVILLE RESERVOIR” (thiswill bethe heading
for the graphs).

Controlling Nutrients and Sediments—Because this reservoir receives a large quantity of
suspended sediments, we need to load observed total suspended solids (TSS). Clay, silt, and sand
are only available if the site is a stream. Suspended agae and detritus are subtracted from the
observed TSS and the differenceisconsidered to be suspended inorgani c sediments. Theseareused
in calculating the extinction coefficient and the Secchi depth.

Click on Add at the bottom of the state variable list and choose Tot. Susp. Solids. In the
main screen we then see this as an additional state variable.

Insort State Varioble |
Select State Variable to Insert:

Clay

Sand

Silt

Tot. Susp. Solids

X Cancel |
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Double-click on Tot. Susp. Solids obtain the loadings screen. Then click on Use Dynamic
Valuation and Import to load the file TSSCoral.csv.
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Click on Initial Conditionsto seetheinitial valuesfor all the state variables. DieldrinisO
because we will let the model compute the concentration in the reservoir.

State Variahle Hame Init. Cond. I.Inits Org. Tox. |.C.|[Tox. Units|jiks

Dissolved org. toxicant: [Dieldrin] 0 ug/L

Ammonia 0.08 mg/L

Hitrate 4.9 myg/L

Phosphate 0.21 mg/L

Carbon dioxide 12 myg/L

Oxygen 6.5 mygiL

Tot. Susp. Solids 20 my/L

Labhile sed. detritus 2.5 g'sq.m 0 uy'ky
Refrac. sed. detritus 5 g'sq.m 0 ugky
L detr diss 0.5994 myg/L 0 ug'ky
R detr diss 0.0666 mg/L 0 ugky
L detr part 0.0666 mg/L 0 ugy'ky
R detr part 0.0074 'mg/L 0 ugiky
Buried lahile detritus 2 Kgicu.m

Buried refrac. detritus 2 Kg/cu.m

Diatoms: [Diatoms] 0.05 mg/L 0 ugky
Blue-greens: [Blue-greens] 0.21 mg/L 0 ugiky
Greens: [Greens] 0.05 mg/L 0 uy'ky
Macrophytes: [Myriophyllum] 0.1 mg/L 0 ugky
Detritivorous invertebrate: [Chironomid] 2 myg/L 0 ugky
Herbivorous invertebrate: [Daphnia) 0.023 mg/L 0 ug'ky
Predatory invertebrate: [Predatory Zoopl 0.1 myg/L 0 ugky

Bottom fish: [Buffalofish] 5 mg/L 1200 ug'ky
Forage fish: [Bluegill] 2 mg/L 0 ugky
Small game fish: [Largemouth Bass, YOY] 0.238 mg/L 0 ugiky

Large game fish: [Largemouth Bass, Lyg] 3 mg/L 0 ugiky
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Click on Setup and make sure that the simulation dates correspond to, or are less than, the
range of dates for TSS, 10/1/1973 to 9/30/1978. Be careful, if you enter “10/1/73" it will be
interpreted as “10/01/2073.” Because observed TSS values are being used in lieu of dynamically
simulated i norgani ¢ sediments, the capability of the model to repeat atime-seriesloading should not
be used for TSS unless all other loadings, particularly inflow, are restricted to the same range.
Otherwise, the model will extrapolate the TSS beyond the observed dates and obtain unacceptable
estimates of suspended sediments. Note that the 5-year simulation may be quite lengthy on aslow
machine; you may wish to decrease the period.

First we will investigate the impact of nutrient reduction, most likely through best
management practices, without any change in loadings of dieldrin or inorganic sediments. Click on
Control Setup and uncheck all the Organic T oxicant controls, and check Set Multiply L oadings
Factorsto 1.0 for Nutrients and Detritus. Then, going back to the main screen, double-click on
ammonia, nitrate, phosphate, and suspended and dissol ved detritusand enter amultiplicativeloading
of 0.5, if not already done, on the Edit State Variable Data screen for each. In doing so, we have
set the model so that nutrients and detritus will be halved in the perturbed run and kept unchanged
for the control run. Dieldrinwill be present in both simulations. Thisdemonstratesthe power of the
control settings to set up various pollution control scenarios.

Control Run Options

Organic Toxicant:

Zero-Out Initial Conditions

Omit Inflow Loadings

Omit Point Source Loadings

Omit Direct Precipitation Loadings
Omit Hon-Point Source Loadings
Omit Toxicant in Organisms

Omit Buried Toxicants

Set Multiph-Loadings Factors to 1.0:

e

Nutrients: tArnumonia, Nitrate, and Phosphate) Detritus:

Zero-Out Initial Conditions Zero-Out Initial Conditions

Omit Inflow Loadings Omit Inflow Loadings

Omit Point Source Loadings Omit Point Source Loadings

Omit Direct Precipitation Loadings Omit Direct Precipitation Loadings
Omit Hon-Point Source Loadings Omit Hon-Point Source Loadings
Set Multiply-Loadings Factors to 1.0 Set Multiph-Loadings Factors to 1.0

Sand /! Siit/ Clay:

Leno-outinmial Conditions

W Inmlow Doading s

ot Point Sounce Loadings

Wit Innect Precipmation Loading s
Wt Hon-Font Sonnce Loading s
set Muiphreioading s Eactons to 1.0
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Run the ssimulation without any additional changes, clicking on Perturbed and Control.
Select Output, and view the Control graph. Note that detritivorous invertebrates have a high
biomass, reflecting the large influx of detritus from upstream. Diatom blooms occur periodicaly,
with maximum biomass of about 16 mg/L during drought conditionsin 1977.

S AQUAT DX-- Dutput z
Perturbed Simulatiunl Perturbed Toxics | Control Simulatiunl Control Tuxi[sl Perturbed Graph Control Graph |Different:e Graph | Perturbed Hypo. Sum_4| *

{Change Varis Crvganisms in mgf L, toxicant in werl. unless otherwise indicated. |
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If we plot Secchi depth we find that the minimum is 8 cm, with a maximum of about 2.5 m
and amean of lessthan 1 m. Notethat if you plot only one variable the graphing routine plotsit in
black, and no legend appears. Also note that the label on the vertical axis reads “ Concentration”;
you may wish to edit this.
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Now view the Perturbed graph. The similarity with the Control graph suggests that few
changeswould occur in water quality if the nutrient and detritus|oads are reduced by one-half. The
diatom blooms are virtually unchanged. The most obvious changeisasmall declinein foragefish
(blue-gills), which is probably linked to a corresponding decline in detritivore biomass.

Fis AQUATOX-- Dutput
Perturbed Simulalionl Perturbed Toxics | Control Simulation | Control Toxics Perturbed Graph |Contrul Graph | Difference Graph | Perturbed Hypo. Sum_ 4| »

{€hange Variabies’}|  Organisms in mo/ L, toxicant in pod. uniess othervise indicated. ‘

View Hypolimnion | Print Setup | Print Chart |
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A better way to portray the changesis by plotting a Differ ence graph. Because we have set
the nutrient and organic loadings in the perturbed simulation to half the normal values, a positive
percent difference means an increase in biomass with decreasing nutrient and organic loadings.
(Remember that the Differ ence graph plots the percent difference of Perturbed minus Control.)
Wealsowill plot bottom fish (buffal ofish), which were so abundant in Coralville Reservoir that they
supported acommercial fishery intheearly 1970s. Based onthisgraph and examination of predicted
rates for the invertebrates and fish, which were saved and plotted in Quattro Pro, we observe that
invertebrate detritivores declined slightly due to decreased detritus loadings; this caused a decline
inblue-gills, followed by declinesintheir predators, bass. Eventually, intheabsenceof competition,
buffalofish are predicted to increase. Caution should be exercised ininterpreting difference graphs;
these are plotted as percent changes, and small absol ute differencesaremagnified. For example, due
tothetoxicity of dieldrin, bassexhibit very low biomassvalues, eveninthe control. Thiscan be seen
by plotting just the fish in the control simulation.

FZ AQUAT 0X-- Dutput %

-

Perturbed Simulation | Perturbed Toxics | Control Simulatiunl Control Tuxi[sl Perturbed Graphl Control Graph Difference Graph | Perturbed Hypo. Sum 4

{Change Variables |

(Epilimnion, if stratified) Print Setup I Print Chart I
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ARQUAT 0X-- Output
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If we plot the difference graph for the key environmental indicators, oxygen, Secchi depth,
and chlorophyll, we see that halving the nutrient and detrital loadings improves the water quality

only slightly as indicated by slightly decreased chlorophyll levels and dlightly increased Secchi
depths.

ARQUAT 0X-- Output

—

8] Wm0 ERn




AQUATOX USER'S MANUAL CHAPTER 3

Having seen the effects of halving the nutrient and detritus loadings, let us now investigate
the effects of suspended sediments. In this run-of-the-river reservoir most of the suspended solids
aresilt and clay, and most are from upstream. In the unlikely event that best management practices
were to halve the TSS without altering the other pollutants, what would be the impacts on the
Coralville ecosystem? Thisiseasily analyzed with AQUATOX. Closethe Output window, open
the Setup window, and choose Control Setup. Now uncheck the Nutrient and Detritus choices.
In the main window double-click on each of the nutrients and suspended detritus and set the
multipliers back to 1.0; then double-click on Tot. Susp. Solidsand set the M ultiply loading to 0.5.
Then click Perturbed (but do not run Control) to obtain arun that is perturbed only inthat TSSis
one-half that in the contral.

Click Output and plot Secchi depth, chlorophyll a, phosphate, and nitratein the Difference
graph. By decreasing TSS, and hence inorganic sediments, turbidity decreases, and phytoplankton
are not as severely light limited in the simulation. In turn, phosphate decreases—almost certainly
becoming limiting for the phytoplankton. Chlorophyll a does not increase significantly, probably
because of grazing pressure by invertebrates.

FESADUATDX-- Dutput X
Perturbed Simulation | Perturbed Toxics | Control Simulatiun} Control Tuxi[s] Perturbed Graphl Control Graph Difference Graph | Perturbed Hypo. Sum 4

-

{Change Variables |
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Controlling Pesticides—Next we will examine the effects of the dieldrin independent of the
nutrients, detritus, and TSS. Similar to the example of esfenvalerate in the pond, we will use the
perturbed run to simulate the toxicant and the control run without the toxicant. Therefore, closethe
Output window, then set the multiplicative loading for TSS back to 1.0, open the Setup window,
and choose Control Setup. Now set the remaining options back to their original state, with all the
Organic Toxicant choices checked, and the Nutrient and Detritus choices unchecked.

Control Run Options

Organic Toxicant:

Zero-Out Initial Conditions

Omit Inflow Loadings

Omit Point Source Loadings

Omit Direct Precipitation Loadings
Omit Hon-Point Source Loadings
Omit Toxicant in Organisms

Omit Buried Toxicants:

Set Multiphy-Loadings Factors to 1.0

<A<

Nutrients: tArnumonia, Nitrate, and Phosphate) Detritus:

Zero-Out Initial Conditions Zero-Out Initial Conditions

Omit Inflow Loadings Omit Inflow Loadings

Omit Point Source Loadings Omit Point Source Loadings

Omit Direct Precipitation Loadings Omit Direct Precipitation Loadings
Omit Hon-Point Source Loadings Omit Hon-Point Source Loadings
Set Multiply-Loadings Factors to 1.0 Set Multiph-Loadings Factors to 1.0

Sand /! Siit/ Clay:

Leno-outinmial Conditions

W Inmlow Doading s

ot Point Sounce Loadings

Wit Innect Precipmation Loading s
Wt Hon-Font Sonnce Loading s
set Muiphreioading s Eactons to 1.0

AN
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Click Perturbed and Control to re-run the simulations. The perturbed graph shows the
effectsof dieldrin onthedefault state variables. Y ou can plot other variables by clicking on Change
Variables.

AQUAT 0X-- Output

B D ERE

CORALVILLE RES




AQUATOX USER'S MANUAL CHAPTER 3

The control graph showsthe seasonal patternsin biomasswithout dieldrin. Notethat forage
fish (bluegill) arerelatively important throughout the simulation, in contrast to the pattern shownin
the perturbed graph.

B AQUAT 0X-- Dutput Z
Perturhed Simulation | Perturbed Toxics | Control Simulation | Control Toxics | Perturhed Graph | Control Graph i Difference Graph | Perturbed Hypo. Sum_4

-

Change Variables | Crganisms in mgr L, toxicant in porl uniess otherwise indicated. |

View Hypolimnion | Print Setup I Print Chart I
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The differences between the perturbed and control graphs are emphasized in the difference
graph. The differenceis obtained by subtracting the control biomass from the perturbed biomass,
so negativevaluesindicaterelatively low biomassval uesin the perturbed simulation (in other words,
in the presence of dieldrin). The decline of all fish except the hardy buffalofish iseasily seen. The
chironomids (invertebrate detritivores) benefit from the decreased predation and exhibit positive
values.

&% AQUATDX-- Dutput

Perturhed Tnxicsl Control Simulation | Control Toxics | Perturbed Graphl Control Graph Difference Graph |Perturhe( ‘l 'l
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Fromtheseresults, we postul atethat the declinein fishisacombination of direct and indirect
effectsof dieldrin. We can examine the rates for largemouth bass by clicking on Setup inthemain
screen and Save Biologic Rates and Rate Specifications, then choosing L g g fish prior to running
themodel. Therateswill be saved, with Paradox format as the default, in the Output subdirectory.
The rates can be plotted in a spreadsheet program. In this example, consumption declines due to
chronictoxicity and loss of bluegill forage base, and mortality increasesin part dueto acutetoxicity.
Defecation increases due to the modeled effect of chronic toxicity on assimilation. Thisillustrates
the use of biologic rates for analyzing cause and effect relationships.
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Controlling All Pollutants—Finally, we can examine the effects of decreasing al pollutantsfrom
agricultural runoff simultaneously in the perturbed simulation. Dieldrin was set to zero and the
nutrient and organic matter multiplicative loading factors were set to one-half. Aswe have seen
from the above applications, there are many complex interactions, and comparing the perturbed and
control graphsisdifficult.
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However, the difference graph provides a direct comparison. Bluegill and bass increase
significantly in the absence of dieldrin. Chironomids decline due to increased predation pressure.
The buffalofish exhibit along-term decline due to loss of chironomid forage because of increased

competition. Algae, herbivorouszooplankton, and labiledetrital sediments(not shown) arerelatively
unchanged.
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To better determine the effects on water quality, we will plot several environmental indices
in adifference graph. We see that chlorophyll ais generally slightly lower with nutrients halved,
oxygen is dightly increased, and Secchi depth is dightly improved.

FES AQUAT 0X-- Dutput i o
Perturbed Simulation | Perturbed Toxics | Control Simulatiunl Control Tuxi[sl Perturbed Graphl Control Graph Difference Graph | Perturbed Hypo. Sumil_l

-

{Change Variables |
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In conclusion, AQUATOX can be used to analyze complex relationships in impaired
ecosystemsand to suggest therel ativeimportance of various causes of impairment. Inthisexample,
dieldrin was shown to be avery important stressor. The simulations suggest that external loadings
of nutrients and organic matter are far lessimportant; and, based on the model, halving theloadings
might not improve water quality significantly but might decrease the productivity of sport fish.
Therefore, this ecosystem model has the potential not only to help identify stressors, but to assess
possible environmental management scenarios as well.
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4. UNCERTAINTY ANALYSIS

Until now we have dedlt with deterministic smulations. However, there are numerous sources of
uncertainty and variability in naturd and polluted aquatic systems. These can be represented easly in
AQUATOX (see Volume 2: Technical Documentation), athough access to the additiona andytica
power isnot obviousto the casud user. Thekey isto click on the Setup button and choose Uncertainty
Setup. Wewill go back to the ESFenPond study for this example.
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That will open a window thet ligs ether dl variables subject to uncertainty anayss or those
variables dready chosen for anadyss. We will display dl variables. Because AQUATOX usesalatin
hypercube sampling dgorithm, it requires far fewer iterations than a brute-force Monte Carlo sampling.
Therefore, the default number of iterationsis20. Thisisprobably adequatefor anandyssinvolvingasngle
variable; however, it should beincreased asmore variablesare chosen for analyss. If youwishtoreplicate
the sampled va uesin success ve andyses, you should choose anon-random seed for the number generator
and keep it the same.
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By double-clicking on a variable the distribution can be displayed and edited. The lognormal
digtribution is the default for loadings. The user can accept the default distribution parameters or change
them. The graph will show the results of any changes. The mean vaues are derived from the underlying
parameter sets, but dtering them in the uncertainty screen will not change them in the database and the

deterministic Smulation.
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amultiplicative factor for al dynamic point-source loading val ues.
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Click on OK, which will take you back to the list of variables; then choose to display only those
that will be varied in the uncertainty andyss. Be sure that the button in the upper left is checked to Run
Uncertainty Analysis (that button isaconvenient way to toggle between the deterministic and uncertainty
options without disturbing the individud ditributions).
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Close the Study Setup screen by clickingon OK.  Back on the main screen we see that there
isnow amessage in red in the upper right indicating the number of iterations chosen. That message only
gppears when the uncertainty analysisis enabled.
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When you click on Perturbed or Control you will be asked to give the output file name and
location. The folder to Save in will be given as the Studies folder, which is active; you might wish to
change that to the Output folder. Be sure to specify the extension “dbf” or you will get an error message.

Output Uncertany Resuls s E]
Save i I’C_ﬂ Output :j @l ;‘ﬂ

File name:  |UESFMult.dbf Save |
Save as ype: IDBase Farmat [*. dbf] ll Cancel |

Because of the voluminous output, it will be split into three separate files using the root name that
you provide. Ordinarily, you will not have to concern yoursdf with the supplementd files,, which will be

listed in subsequent Save operations.

Ouput Uncertsingy Resuts s EIE|
Savejn:l’a'.']DUtF'Ut :J @l ;‘j
|#] Tox_LIESFMult. DEF

] Tox2_LIESFMult.DEF
] UESFMultDBF

File narne: IJESFMult. dbf Save I
Save az lype: IDBase Farmat [*.dbf] ;I Cancel |

The modd will perform a determinitic Smulation firg to provide a basdine. Then it will cycle
through the uncertainty iterations.
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AQUATO-- Running

Latin Hypercube Uncertainty Analysis:
Deterministic Simulation

Progress:

{5i26/04)

The results of the uncertainty andysis can be viewed by scrolling to the far right tab in the Output
on the main screen, and clicking on Uncertainty Graph. (If you have not run asmulation or if youwish
to see the results of adifferent smulation, you may chooseto View a Different Database.) Only one
state variableis plotted at atime, with separate curvesfor mean, minimum, maximum, mean - one standard
deviation, mean + one standard deviation, and deterministic results. These are the distributions of the
resultsfor that particular state variable and are not necessarily areflection of the distribution of the sampled
input varigble. For example, the maximum loading of efenvaerate would amost certainly result in the
minimum biomass of the large game fish, but the benthic fish that is graphed is most likely responding to
decreased predation. Y ou may chooseto View a Different Variable, such asthe concentration of the
toxicant in thedissolved state. The default Y -axislabel assumesthat you are plotting biomass, soit should
be changed to units of “pg/L” if you plot toxicant concentration.
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Smilaly, we can vary the input vaues for other variables by sampling from the gppropriate
digtributions. For example, we havetwo vauesfor the Henry’ sLaw congtant for esfenvaerate: ameasured
vaue of 6.1E-8 and a cdculated value of 3.0E-6 (ARS Pesticide Property Database). Why not just use
the measured value? Unfortunatdly, the congtant is not easily measured, so the calculated vaue may have
as much vdidity asthe measured vdue. Therefore, we can use a uniform digtribution defined by the two
vaues, with equa probability of any vaue over that range being chosen. Henry’s Law congtant helps
control the bioavailability of organic toxicants, so the sengtivity to arange of possblevauesisof interest.
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Theresultsof varying just the Henry’ s Law congtant for efenva erate are shown inthe Uncertainty
Graph for large game fish biomass. The spread of values, dthough not appreciable, is due to the
differences in bioavailability and therefore differences in amount of toxicity.
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In another example, we will vary acritica parameter for the large game fish, bass, to see how it
affects the response of thisimportant species. The most likely maximum consumption rateisset at 0.055
0/g-d based on application of an alometric equation that relates consumption to mean weight (Hewett and
Johnson, 1992); however, there is considerable variation reported in the literature (Leidy and Jenkins,
1977). The extreme values reported are 0.015 and 0.07. We could take these as the congraints for a
triangular didtribution, but that would mean throwing out the lowest and highest observed vaues because
the congraints have zero probability. Therefore, we will extend the congtraints by 10% of the observed

vaues.

Frobckilty
=
-
)

nal
C.0133 0 =55 0.y

The results of varying this one parameter indicate that the mode is not sengtive to it—yprobably
because the chronic and acute toxic effects dominate the smulation.



AQUATOX USER'S MANUAL CHAPTER 4

EE AQUATOR-- Dulpul

Control Graph] Difforcnce Graph | Porurbed Hypo. Summary | Comol Hypo, Summary  Uncerlainty Graph ] i
Wiezwr o Nillfes el Al | CIRGanEE [ g L ionizand i pad anjess ottaress oivadas |
WiayAng Data in Flle: DOAGQUEsTo WO T X160 mnpul EESFTrng.dbT  Prinl Selog ] Pl Clian L |
] sl 15 L] LETIS) [ s
' g =k
n-s | a Mcan
U=
| @ WInEuT

nedo
"’é uod [
:—_-_" (i M= iwnr
Entog
e
fu e
=
Mouus _
= 2 Mean e
L8] [

i | %

uu ij | begE g+ ElD

iz #

. - Y
T P R - 1|11 2125131101100 100 1 1311 T |2 Datzrriniz
N=r 12 84 IF iR =t 1202Rd £ 4 25545
M&TT

In the find andyss we will examine the effects of varying mean depth of water in the pond. A
normd digtribution is used with a mean of 1.2 m and a Sandard deviation of 0.4. The minimum depth
smulated was 0.097 m, and the maximum depth was 1.86 m.

I robckilty

The macrophyte biomass is sensitive to water depth. Asrooted vegetation, macrophytes are well
adapted to shdlow water; the maximum biomass is a the minimum depth. However, they are probably
light limited at the greater depths Smulated in this turbid pond.
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5. DATA CONSIDERATIONS

AQUATOX has many possible loading variables and process-level parameters. What input
data are most critical for the simulations? The answer depends on the goals of the simulation and
the site-specific requirements. By using the principles outlined above in Uncertainty Analysis, one
can perform sensitivity analysis to identify the more sensitive parameters and loadings for a
particular simulation. Sensitive parameters may require site-specific determination or careful
calibration. Some sensitive variables were suggested in the above analyses, others have been
identified in other studies.

5.1 Toxicant

. The octanol-water partition coefficient is critical to bioaccumulation in organisms and
partitioning in detritus. It often can be estimated better than it can be measured.

. Henry’s law constant is important for volatilization and yet is often difficult to measure.

. Chemical and microbial degradation parameters determine the persistence in an ecosystem.

If only half-lives are reported, they should be represented as uncatalyzed hydrolysis rates,
which are not affected by seasonal conditions as are microbial rates.

. The thickness of the active layer, represented as the mass of sediment detritus, is important
because of the simplifying conceptualization in this version that treats sediment-water
interaction of contaminants as very efficient but restricted to the active layer.

. Some toxicants, such as parathion, may bind more tightly to sediments than indicated by
organic partitioning. Estimation of the sediment partition coefficient may need to be
overridden with observed values.

5.2 Nutrients and Remineralization

. The fraction of phosphate that is available depends on the nature of the phosphate loadings.
The model distinguishes between detrital loadings, with implicit phosphorus content that is
more or less available depending on whether the material is refractory or labile. Phosphate
loadings may be in the dissolved phase or may be bound tightly in mineral particles; the user
accounts for these by varying the fractional multiplier: 1.0 if the phosphate is readily
available and a small fraction if it is tightly bound.

. Release of phosphate from anaerobic sediments is a constant (during periods of anoxia) that
is set in the Remineralization screen (available by clicking on Site). Site-specific values
are appropriate where iron-dependent biogeochemistry processes are dominant.

. Co-precipitation of phosphate with calcium carbonate is not modeled. In sites where that is
important the best work-around is probably to decrease the loading accordingly.

. Chemical oxygen demand is not modeled explicitly because of its site-specific nature; a
work-around would be to decrease oxygen loadings.

. Constant stoichiometry for nutrients in organic matter is a simplifying assumption. One can

change the value of the ratio of a given nutrient to organic matter in the Remineralization
screen. The Redfield (1958) ratio is used as the default.
. The proportions of refractory and labile and dissolved and particulate organic matter in a

5-1
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system control the rate of remineralization. Inappropriate initial conditions will cause a
transient response, but poor characterization of loadings may affect the long-term nutrient
budget and bioavailability of organic contaminants. If possible, obtain seasonal values for
total organic carbon (TOC), dissolved organic carbon (DOC), and biological oxygen demand
(BOD, which is labile); these can be used to obtain the necessary proportions. Otherwise,
consider the source of detritus loadings (forests, treatment plant, etc.) when deciding how
much may be refractory and particulate.

5.3 Plants

. Half-saturation constants for nutrients control how responsive phytoplankton and periphyton
are to eutrophication; parameter values may depend on trophic status.

. Maximum photosynthetic rates determine the competitiveness and resilience of algae;

observed rates vary greatly and composite rates, such as for a diatom community, are most
appropriate for most applications.

. The model assumes that blue-green algae (or any alga occupying that compartmental slot,
such as cryptomonads in the Onondaga Lake example above) float unless the wind exceeds
3 m/s; this makes the model sensitive to the mean wind loading.

. Most macrophytes are sensitive to fall dieback; cold-tolerant groups, such as charaphytes,
should be so characterized with appropriately low optimal temperatures.

5.4 Animals

. Consumption of refractory detrital sediments by zoobenthos increases the degradation rates
ofthose sediments, increasing the simulated sediment oxygen demand and remineralization.
The user should assume that most zoobenthos selectively feed on labile detritus, which
includes freshly sedimented algae.

. The minimum biomass for feeding (Bmin) is seldom measured, yet the model can be very
sensitive to this. The BMin value protects prey from being totally consumed, but if it is set
too high the predators may starve to death. It may require site calibration.

. Half-saturation for feeding is very seldom measured, but it can significantly reduce predicted
feeding rates. Therefore, it should be set low in the absence of data.
. Consumption and respiration rates in fish are functions of body size. Most default values are

based on application of allometric equations presented by Hewett and Johnson (1992).
Selection of representative mean weights for use in the equations is important.

. Mortality rates may vary greatly from one site to another. This often becomes a calibration
parameter, especially since death due to predation is separate in the model.
. If modeling an aquatic insect that emerges, be sure to select “Benthic Insect” in the drop-

down list in the parameter screen because otherwise emergence will not be simulated.
5.5 Inorganic Sediments

. Inorganic sediments are not explicitly modeled for standing water and only roughly for
streams. This simplification reflects the model’s emphasis on nutrients and organic

5-2
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contaminants. If sediment transport, burial, and scour are important, the model should be
coupled to a hydrodynamic model such as EFDC.

. Total suspended solids are used to back-calculate suspended silts and clays in the model.
Because this is a loading that is compared with phytoplankton biomass in the computation
of Secchi depth and light extinction, it should be provided for the entire period of the
simulation (most loadings can be repeated automatically if the simulation period is longer
than the available data ).
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6. QUALITY ASSURANCE

AQUATOX is designed to facilitate documentation of assumptions and data sources for
specific applications and to archive results. Note fields are provided for the study and for each of
the state-variable loading screens. These are intended to provide the user with a way to record an
overview of the study and to describe sources and salient features of theloading data. Furthermore,
almost every parameter has an associated comment field to document the source of the value used.
These fields are not fully utilized in the example sets; but, as additional data are incorporated,
comments should be used liberally.

A study, with all associated data and output, can be archived in astudy file. Good practice
dictatesthat the version of AQUATOX used for the application should be saved aswell. Inthat way
the study can be opened and resultsexamined at any time; and, if necessary, themodel can bere-run.
The main screen indicates the dates and times that the perturbed and control simulations were run,
but be careful: opening some screens, such as Setup, will reset the statusto “Run Not Current.” If
you make a change to a study, you may choose not to save the changed file. To minimizefile size,
do not save the output; this can be done by clicking on Study on the menu bar in the main screen
and choosing Clear Results. Thefilewill usually be much smaller, but you will haveto re-run the
simulation to see the results.

AQUATOX versions are upward compatible within reason—but not necessarily years
later—so if you open an old study with a newer version of the model, the data structure will be
updated. Usually thisisautomatic, but sometimes the user may be directed to assist in the upgrade,
as shown in the sequence of information windows below.

Information x|

@ Converting fram 1.59 Beta to 1.69

Information E3

@ You zhould go into the Chem. Underlving Cata and Be-E ztimate K2z,

Information E3

@ Sed. Detrituz Initial Conditionz are being converted o grams per square meter,
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